Background Limited health literacy has been associated with adverse outcomes in children. We evaluated this association in the setting of chronic kidney disease (CKD). Methods We assessed the parental health literacy of 367 children enrolled in the Chronic Kidney Disease in Children (CKiD) Study, using the Short Test of Functional Health Literacy (STOFHLA). We evaluated the association between parental health literacy and CKD progression, defined as time to the composite event of renal replacement therapy (RRT, dialysis, or kidney transplant) or 50% decline in estimated glomerular filtration rate (eGFR). Results Median CKiD participant age was 9.5 years, 63% were male, and 59% non-Hispanic white. Median eGFR at baseline was 63 ml/min/1.73 m 2 , and median urine protein-to-creatinine ratio was 0.22. The median STOFHLA score was 98. Over a median follow-up of 3.7 years, the overall CKD progression rate was 2.8 per 100 person-years. After adjustment for demographic and clinical factors, the relative time to CKD progression was 28% longer per 1 SD increase in STOFHLA score (relative time, 95% CI, 1.28, 1.06-1.53). Conclusions In this cohort of children with CKD, higher parental health literacy was associated with a nearly 30% longer time to the composite CKD progression outcome.
Introduction
Although children and adolescents constitute a small proportion of the chronic kidney disease (CKD) population [1] , the potential impact of kidney disease progression on growth and development represents a unique challenge to the health care system and providers. This highlights the need to identify modifiable risk factors for the progression of kidney disease in children with CKD.
Health literacy is defined in Health People 2010 as BThe degree to which individuals have the capacity to obtain, process, and understand basic health information and services needed to make appropriate health decisions^ [2] . It is estimated that more than one third of US adults have limited health literacy skills [3] . In the general pediatric population, inadequate parental health literacy has been found to be associated with worse health outcomes such as poor diabetes control, increased emergency room visits, and hospitalizations for asthma [4] . However, to the best of our knowledge, there are no published studies exploring its impact on outcomes in children with CKD. The objective of this study is to evaluate the association of health literacy with CKD progression in the CKiD cohort.
Subjects and methods

Study population
The CKiD study design, methods, and baseline characteristics of the cohort have been described previously [5, 6] . Children aged 1 to 16 years with an estimated glomerular filtration rate (eGFR) of 30 to 90 mL/min/1.73 m 2 were enrolled from 54 participating centers in the USA and Canada. The cohort was comprised of children with glomerular and non-glomerular disease. The primary glomerular diagnoses included focal segmental glomerulosclerosis and hemolytic uremic syndrome, while the primary non-glomerular diagnoses included obstructive uropathy, aplastic/hypoplastic/dysplastic kidneys, and reflux nephropathy. The study entry (baseline) visits occurred from January 2005 through March 2014, with subsequent annual follow-up visits.
Exposure measures
Parental health literacy was measured once using the Short Test of Functional Health Literacy (STOFHLA). The STOFHLA assesses and individual's ability to read and understand health-related prose and documents, using actual materials that patients might encounter in the health care setting. The STOFHLA includes two reading passages and four numeracy items [7] . The two reading passages use the modified Cloze procedure that is, every fifth to seventh word in a passage is missing, and four multiple-choice options are provided [8] . Participants read the passage and select the multiple-choice option that best completes the blank. The first passage is selected from instructions written for patients receiving an upper gastrointestinal series (Gunning-Fog Index Readability grade 4.3) [9] , and the second passage comes from the patient's BRights and Responsibilitiesŝ ection of a Medicaid application form (Gunning-Fog Index readability grade 10.4). The reading comprehension section includes 36 multiple-choice items worth one point each, with higher scores indicating higher literacy levels. The numeracy section tests a patient's ability to comprehend directions on two prescription bottles, whether the blood glucose is within a normal range, and appointment instructions using an actual appointment slip. The numeracy score is multiplied by 7 (× 4 items) to create a score from 0 to 28, and each item in the reading comprehension is multiplied by 2 (× 36 items) to create a score from 0 to 72. The sum of the two sections yields the STOFHLA score, which ranges from 0 to 100. Scores from 0 to 55 indicate inadequate health literacy; scores from 56 to 66 indicate marginal health literacy, and scores from 67 to 100 indicate adequate health literacy [7] . The STOFHLA takes 12 min or less to complete, and it has been shown to have good internal consistency, reliability, and validity compared with the long version of the Test of Functional Health Literacy in Adults and the Rapid Estimate of Adult Literacy in Medicine [10] [11] [12] . The STOFHLA was completed by the parents in the CKiD cohort between 2013 and 2015, in English or Spanish depending on their language of preference. A Spanish interpreter or a research coordinator fluent in Spanish was available to assists parents if needed. The STOFHLA was also administered to participants over the age of 15. However, only parental health literacy was evaluated in this study. Based upon prior literature which shows that health literacy is a stable construct over time [13] , it was assumed that parental health literacy at the time of study entry was the same as when the STOFHLA was administered.
Outcome measure and definition
Our main outcome was CKD progression, defined as time to the composite event of renal replacement therapy (RRT, dialysis, or kidney transplant) or 50% decline in estimated glomerular filtration rate (eGFR) from the baseline visit. An interpolation between the two GFR values surrounding the event was used to determine the eGFR halving point (i.e., point when the 50% decline in eGFR occurred). GFR was estimated using the CKiD Bedside Estimating Eq. (0.413*height/serum creatinine) [14] .
Covariates assessment and definition
CKiD participant data collected at the study entry included demographic information (age, gender, race, household income, and maternal education), health insurance, CKD diagnosis (glomerular or nonglomerular), blood pressure (BP), body mass index (BMI), birth history, and laboratory markers. Age was calculated both at study entry and at the time of CKD onset. Maternal education, household income, and health insurance status were all self-reported via a questionnaire administered at the study visit. Maternal education was categorized as attainment of high school education or less, some college, or college and above, household income as greater than $36,000 or ≤ $36,000, and health insurance status as having privatebased insurance (i.e., private plan from employer or purchased directly) or non-private-based insurance. Casual systolic and diastolic BP were obtained by a trained examiner using an aneroid sphygmomanometer. Three measurements are taken at the visit and then averaged to determine the casual blood pressure. Hypertension was defined as systolic or diastolic BP > 90th percentile for age, sex, and height. BMI age-sexspecific standard deviation scores (z-scores) were determined based on the Center of Disease Control growth charts. Premature birth was defined as gestational age < 36 weeks; small for gestational age as birth weight below the 10th percentile for gestational age; and low birth weight as weight < 2500 g. CKD-related laboratory markers such as serum creatinine and albumin were measured at the central CKiD laboratory at the University of Rochester. Details of the techniques used to measure the first morning urine protein and creatinine have been published elsewhere [15] . Proteinuria was defined as a urine protein/creatinine ratio greater than 0.2 g/g. Dyslipidemia was defined as serum triglycerides > 130 mg/dL, HDL-C < 40 mg/dL or non-HDL-C > 160 mg/dL.
Statistical analyses
Baseline demographic and clinical characteristics of the cohort were reported as median values with interquartile range (IQR), or frequencies and percentages, as appropriate. Parental health literacy scores were compared by race (white vs. nonwhite) and maternal education (high school education or less, some college, or college and above) using the Wilcoxon rank-sum test. In failure-time analyses, the proportionality assumption of the Cox regression models was not met. Therefore, we used accelerated parametric failure-time models assuming a lognormal distribution to evaluate the impact of parental health literacy scores on time to the composite endpoint of either 50% decline in GFR or RRT initiation. Relative times were used to quantify the strength of the association. Specifically, relative times correspond to the time it takes for a proportion of the exposed group (lower STOFHLA score) to experience the composite event, divided by the time it takes for an equal proportion of the unexposed group (higher STOFHLA score) to experience the event. STOFHLA score was modeled as a continuous variable and rescaled by dividing the original score by its standard deviation to facilitate interpretation of the results. All relative times from the lognormal models therefore reflected one standard deviation difference in the main exposure. The first model was unadjusted. Potential confounding effects of clinical center, baseline age, gender, and race were accounted for in the second model. The third model additionally adjusted for baseline clinical factors including eGFR, proteinuria, glomerular diagnosis, age at CKD onset, hypertension, body mass index (BMI) z-score, small-forgestational age, albumin, and dyslipidemia. Lastly, variables of baseline maternal education, income, and private health insurance were incorporated in the final model. Statistical analyses were carried out using SAS 9.4 (SAS Institute, Cary, NC).
Figures were created on TIBCO Spotfire S+ 8.2 for Windows. All tests were two-sided and a P value of < 0.05 was considered statistically significant.
Results
Baseline characteristics
By 2015, parental (mother or father) health literacy data was available for 367 CKiD participants. In addition, there were 51 CKiD participants older than 15 years who completed the STOFHLA, but no parental health literacy data was available; therefore, these participants were not included in the analysis. Median (IQR) age was 9.5 (6.1, 13.4) years and 63% were male, 59% were of non-Hispanic white race, 18% were nonHispanic African American, 13% were Hispanic, and 10% were other racial/ethnic group (Table 1) . Additional characteristics of the cohort included annual household income > $36,000 in 62%, maternal education of college level and above in 36%, and health insurance in 99% of the participants. CKD was attributed to a glomerular disease in 32% of the participants, median (IQR) eGFR was 63 (51, 79) ml/min/ 1.73 m 2 , and median (IQR) urine protein/creatinine ratio was 0.22 (0.09, 0.64). Sixty percent were taking an antihypertensive and 51% were on angiotensin-converting enzyme inhibitor or angiotensin receptor blocker. Low birth weight was reported in 20% of participants and 11% were reported to be premature.
The median (IQR) STOFHLA score was 98 (93-100), and the minimum score was 17. The distribution of parental STOFHLA scores varied by race/ethnicity (Fig. 1a) and maternal education (Fig. 1b) 
Association of health literacy with CKD progression
Over a median (IQR) follow-up of 3.7 (2.9, 7.1) years, there were 46 composite events and the overall event rate was 2.8 per 100 person-years. Of the 46 participants with the composite outcome, 3 had transplant, 1 started dialysis, and 42 had reached 50% decline in eGFR. Results of multivariable models are presented in Table 2 . In unadjusted analyses, the relative time [RT, 95% (confidence interval)] to CKD progression was 1.32 (1.15, 1.50), or 32% longer per 1 standard deviation (SD) increase in STOFHLA score. This point estimate did not change significantly after adjustment for demographic and clinical variables (RT 1.28; 95% CI 1.06, 1.53). The SD of the STOFHLA score was 9.7.
Discussion
Overall, we found that parental health literacy for the cohort was very high. However, we found that certain vulnerable groups including racial minorities and parents with lower educational attainment were more likely to have lower health literacy. On longitudinal analyses, we found that higher parental health literacy was associated with slower CKD progression, independent of sociodemographic and clinical factors. These findings suggest that lower health literacy represents an under-recognized risk factor for CKD progression which is potentially modifiable.
A recent systematic review of the literature concluded that inadequate parental health literacy is associated with worse health outcomes in children including poor diabetes control, more emergency room visits, and hospitalizations for asthma [4] . However, it has not been extensively studied in the context of non-dialysis CKD. In a recent study of children with CKD, Rak et al. found that a lower caregiver word reading literacy was associated with a higher incidence of emergency room visits [16] . Our study is the first to examine and observe a significant association of higher health literacy with slower CKD progression. Low health literacy may contribute to poor health outcomes through various mechanisms. For example, understanding of disease, adherence to treatment, and selfmanagement represent challenges for those with limited health literacy [17] [18] [19] [20] . In addition, low literate individuals with chronic disease may have difficulty communicating with health care providers, which is essential to process disease information and carry out instructions regarding diet, physical activity, and medication use. Consequently, low health literacy may lead to poor control of CKD risk factors.
Our findings suggest that efforts to incorporate an assessment of health literacy into practice and to modify patientprovider communication based on this assessment may lead to improvements in health outcomes for children with CKD. In addition, future evaluation of literacy-sensitive interventions, such as low literacy disease-specific educational material [21] , might also contribute to improve the health of children with CKD, as has been shown in children with asthma and adults with chronic obstructive pulmonary disease and heart failure [22] [23] [24] .
Our results should be interpreted in light of the following limitations. First, parental health literacy was not assessed at study entry. However, prior literature suggests that health literacy is stable over time [13] . Second, we cannot establish causality as is the case with most observational studies [25] . Finally, we did not measure potential mediators of the association between health literacy and CKD such as disease knowledge and self-efficacy. Nevertheless, our study had several strengths including the large sample of children with CKD of broad etiologies with longitudinal follow-up.
In conclusion, we found that higher parental health literacy was associated with slower CKD progression. This finding is important because interventions addressing parental health literacy have the potential to positively impact health outcomes in children with CKD. 
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